Background--Heart failure is a highly prevalent cardiovascular complication among patients receiving long-term hemodialysis, but the benefits of carvedilol, bisoprolol, and metoprolol controlled release/extended release on the outcomes of these patients remain unclear. In this study, we address the use of these 3 b-blockers and their associations with mortality.
H eart failure (HF) is known to be a highly prevalent cardiovascular complication among patients receiving long-term hemodialysis (HD). 1 The current treatment guidelines for HF, which include those provided by the American College of Cardiology Foundation/American Heart Association and the European Society of Cardiology, recommend the use of angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin type II receptor blockers (ARBs) as a means of improving the general survival rates for all patients. 2, 3 These 2 sets of guidelines also recommend the use of carvedilol, bisoprolol, or metoprolol controlled release (CR)/extended release (XL), in addition to an ACEI or ARB, as a means of improving HF symptoms and a potential survival benefit. [4] [5] [6] [7] [8] [9] Indeed, in patients with HF symptoms, the European Society of Cardiology further recommends administering 1 of the 3 b-blockers as the initial therapy, followed by the use of an ACEI or ARB. 3, 10, 11 Among the general population as a whole, the most compelling evidence on survival in cases of severe chronic HF is provided by the use of carvedilol, followed by bisoprolol and metoprolol CR/XL. [4] [5] [6] [7] [8] [9] [10] [11] HF is among the most frequent cardiovascular complications in HD patients, and there is currently insufficient evidence to show the benefits of b-blockers in long-term HD patients with HF. This is essentially as a result of the exclusion of this population from large clinical trials. During the past 10 years, several retrospective and observational studies have been carried out with the overall aim of evaluating the therapeutic effects of b-blockers, although the focus has tended to be on dialysis patients, and not specifically on HF patients. [12] [13] [14] [15] The results of these studies have, however, been inconclusive, with only a few providing evidence in support of the use of b-blockers in HD patients. [13] [14] [15] Several factors may have contributed to the mixed results of these studies, including underpowered and misclassified drug exposure over time, as well as a lack of adjustment for nonrandom treatment allocation. Only a study with a small sample size (114 patients) has reported a reduction in all-cause hospitalization and all-cause mortality as a result of the addition of carvedilol to ACEI use in longterm HD patients with HF. 16 However, it remains unclear as to whether b-blockers can be used as the initial therapy regimen for long-term HD patients with HF.
According to 2005-2012 data reported in the latest Taiwan Renal Registry Data System database, Taiwan has one of the highest prevalence rates (2926/1 million population) and incidence rates (426/1 million population) of end-stage renal disease in the world. 17 Appropriate treatment for longterm HD patients with HF will prolong their survival and improve their quality of life. To provide more evidence to improve treatment methods for these patients, we set out in the present study to investigate the effects of 3 b-blockers (carvedilol, bisoprolol, and metoprolol CR/XL) on mortality rates among long-term HD patients with HF based on realworld clinical practice information obtained from the Taiwan National Health Insurance (NHI) research database (NHIRD).
Methods and Materials Study Design and Data Sources
We carried out a nationwide retrospective cohort study based on 1999-2010 data on all patients receiving HD obtained from the NHIRD. The NHIRD provides healthcare utilization data on >99% of the entire 23 million people enrolled in the NHI program and 95% of all hospitals in Taiwan, with the International Classification of Diseases, 9th Revision (ICD-9) codes being used to define the diseases. The NHIRD are all delinked information and contain all registry and claim data, including the (1) outpatient expenditure, (2) inpatient expenditure, (3) registry for medical personnel with data on each medical professional's date of birth, sex, profession, and specialty, (4) registry of contracted medical facilities with data on each medical institution's accreditation level and geographical location, and (5) registry for patients with catastrophic illness with data for 30 illness and injury categories. The data set has been used for epidemiologic research, and the results have been validated for several diseases, including acute kidney injury, chronic kidney disease, coronary artery disease, congestive HF, and diabetes mellitus. [18] [19] [20] [21] This study was approved by the Joint Institutional Review Board of Taipei Medical University, and informed consent was waived because the personal information had been delinked in the NHIRD.
Study Population and Cohorts
We first defined and identified long-term HD patients who had undergone ≥26 HD sessions within 3 months of commencing HD. A total of 74 838 patients who received long-term HD were identified by using the catastrophic illness registry in the NHIRD from 2001 to 2010, with 1999-2010 NHIRD data being used for comorbidity evaluations and follow-up analysis purposes. We then defined the HF patients based on the ICD-9 codes. Figure 1 provides a schematic illustration of the sample selection. The b-blockers examined in this study were carvedilol, bisoprolol, or metoprolol CR/XL for ≥30 days, because only these 3 b-blockers are proved to have survival benefits for HF patients. The exclusion criteria were (1) patients diagnosed with HF before HD, (2) patients taking these b-blockers for <30 days, (3) patients taking b-blockers within the 3-month period before HF diagnosis (ie, washout period), (4) patients using b-blockers other than our 3 focus b-blockers, and (5) patients who did not take any antihypertensive drug. We also defined comorbidities by using the same criteria, according to the ICD-9 codes, as shown in Table 1 . The sample patients were further divided into 2 subgroups, the "study group" who were defined as new users of the 3 b-blockers following their HF diagnosis, and the "control group" who had never used any b-blockers after their HF diagnosis. We were ultimately left with 2095 patients as the study group and 2340 patients as the control group (Figure 1 ).
Propensity Score Computation and Matching
We used propensity score (PS) analyses to adjust for any differences in the baseline patient characteristics between the study and control groups and to reduce the biases in the estimation process that may be attributable to such differences. 22 The scores were computed by modeling a logistic regression with use of the variables of patient age and sex, HD duration at enrollment, the number of hospitalizations, Charlson comorbidity index, all comorbidities, and performed tests/procedures (Table 1 ) and medication being consumed at enrollment, as reported in Table 2 . Prescription data were classified according to the Anatomical Therapeutic and Chemical Classification System. The logistic regression model used to calculate the PS and the distribution of PS among the treatment and control groups are shown in Tables S1 and S2 . The c-statistic value for the model used to create the PS was 0.66, indicating that the predictive accuracy of the logistic model was fairly good. 23 We used the "nearest neighbor matching without replacement on the estimated PS" to match patients. 24 Patients receiving the 3 b-blockers were matched 1:1 to untreated patients with a difference in PS of ≤0.1. Finally, 81% of the treated patients were matched to a control and 1700 patients were identified in each group ( Figure 1 , Table 1, Table S3, and Table 2 ).
Outcome Measures
The main outcome of interest in this study was the all-cause mortality within the 5-year period after the index date, with the first b-blocker prescription after HF diagnosis being defined as the index date for the study group to prevent immortal time bias, and the date of HF diagnosis being defined as the index date for the control group. The HF patients were subsequently followed up for a period of up to 5 years or until the date of death. A death event was identified if the date of death was obtained from the NHIRD or the patients were disenrolled from the NHI program and had not been enrolled in the NHI beneficiary registry files. In Taiwan, patients receiving long-term HD rarely withdrew from the NHI because the NHI is a compulsory plan. The censor criteria included patients who were followed for up to 5 years until the last day of follow-up (December 31, 2010) or death (whichever happened first). Patients who switched from or to peritoneal dialysis and received a kidney transplant after starting long-term HD were already excluded ( Figure 1 ). Further subgroup analysis was carried out according to the use of ACEIs or ARBs during the follow-up period.
Statistical Analysis
The first of the analyses in this study involved a comparison between the characteristics of the study group and those of the control group at the baseline. We estimated absolute standardized differences for all the covariates after matching to assess postmatch balance. Absolute standardized differences directly quantify balance in the means of covariates across the groups. The differences are displayed as percentages of pooled standardized differences. An absolute standardized difference of 0% on a covariate indicates no between-group imbalance for that covariate, and values <10% indicate inconsequential imbalance. 25 We used an independent-sample Student t test to analyze the continuous variables, with the categorical variables being analyzed by using the Pearson v 2 test. We then charted the survival curves by using the Kaplan-Meier method and subsequently examined the treatment effect with use of the log-rank test.
Finally, we applied Cox regression univariate and multivariable analyses with and without adjustment for the demographic variables (sex and age), the clinically relevant variables (diabetes, ischemic heart disease, duration of dialysis at enrollment, number of hospitalizations, and the Charlson comorbidity index), the procedures (myocardial perfusion scan, coronary angiography, and percutaneous coronary intervention), and medication at enrollment (fibrates, insulins, H2-antagonists, and proton pump inhibitors) to assess the therapeutic effects on the probability of death. The proportional hazards assumption was also tested. The difference between the 2 groups was considered significant if the 2-sided P<0.05. All of the analyses in this study were carried out by using SAS 9.3 software (SAS Institute Inc).
Sensitivity Analysis
In addition to the main analysis, we performed additional analyses to assess the reliability of our results. The US National Kidney Foundation provided a Kidney Disease Outcomes Quality Initiative evidence-based clinical practice guideline for long-term HD patients with cardiovascular disease in 2005. 26 The guideline suggested the treatment of HF in patients on long-term HD with conventional therapies according to expert opinion, and the evidence for the use of a b-blocker was moderately strong (only carvedilol). To evaluate the effect of the initiative guideline on the therapeutic results Second, persistence in therapy is a potential confounding factor in this study. The patients who received b-blockers, ACEIs, or ARBs might not continue therapy during the entire follow-up period. Because the consumption of b-blocker would accumulate over time, when we followed the death event of the HF patients, the exposure duration by month of b-blocker therapy was treated as a time-dependent covariate to reflect its changing nature. In this analysis, we used the counting process method by allowing our b-blocker therapy variable to vary over time. The time-dependent variable of each individual was followed and updated at every monthly interval. For example, if an individual started b-blocker therapy for 10 months, quit for 3 months, then restarted for 2 months before dying, we would have 2 changes of b-blocker therapy status. We then set these 3 observations equal to 10 months with b-blocker therapy, 3 months without b-blocker therapy, and 2 months with b-blocker therapy then censored. Similarly, the exposure duration of ACEI or ARB therapy was treated as a time-dependent covariate because its use also has survival benefits for the HF patients. 21 In addition, we conducted analysis by defining the observation period beginning at intervals of 30 and 45 days after the initial HF diagnosis to assess the therapeutic effects on the probability of death and to minimize the risk of potential bias.
Results

Demographic Characteristics
A total of 3400 long-term HD patients with HF were included in the PS matching in this study (Figure 1 ). The baseline patient characteristics before and after cohort matching are reported in Table 1 , which shows that there were no significant differences in sex, age, comorbidities, tests, and procedures between the 2 groups after the cohort matching analyses, with the exceptions of myocardial perfusion scan. Table 2 also shows that concomitant medications at the time of enrollment were similar in the 2 groups, with the exceptions of insulins and H2-antagonists or proton pump inhibitors. Table S4 .
The Kaplan-Meier analyses of the survival proportion of the study and control groups are illustrated in Figure 2A , which shows that the study group had significantly higher survival benefits than the control group (log-rank test, P<0.001). We further identified the individual survival benefits of carvedilol, bisoprolol, and metoprolol CR/XL. As we can see from Figure 2B , each of the 3 b-blockers showed significant survival benefits compared with the control group, but there were no discernible differences in survival benefits between any 2 of the 3 b-blockers.
Multivariable Analysis
The Cox proportional hazard regressions on all-cause mortality are shown in Table 3 . In the final model, the study group was found to have an 20% lower risk of all-cause mortality than the control group (hazard ratio Table S5 and Figures S1 and S2.
The interactions between the therapeutic effect and the clinical parameters are illustrated in Figure 4 , which also reveals significant interactions when considering the sex, Charlson comorbidity index, and HD sessions per month.
HR by Subgroup
The medications used at enrollment (including ACEIs or ARBs, calcium channel blockers, hydralazine, and nitrates) were similar in both groups after cohort matching. To clarify their therapeutic effects, we further analyzed ACEI or ARB use during the follow-up period. As shown in Table 4 and Figure 5 , the patients in the study group who received b-blockers plus ACEIs or ARBs had the best survival benefits, followed by those who received b-blockers alone. The patients in the control group who took neither of these 2 groups of drugs had the highest mortality rate. 
Sensitivity Analyses for All-Cause Death
We further analyzed the risk of all-cause mortality with observation period beginning at intervals of 30 and 45 days after initial HF diagnosis. The results showed that the patients in the study group still had a lower risk of all-cause mortality than those in the control group with an observation period beginning at intervals of 30 and 45 days after initial HF diagnosis (Table S6) .
Discussion
The clinical therapeutic guidelines published by the American Heart Association and the European Society of Cardiology recommend carvedilol, bisoprolol, and metoprolol CR/XL for the general treatment of HF, but the therapeutic effects of the ACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; HR, hazard ratio. *The procedures include myocardial perfusion scan, coronary angiography, and percutaneous coronary intervention. †
The medications include fibrates, insulins, H2-antagonists, and proton pump inhibitors. ‡
The control variables include in the final model demographic variables (sex and age), clinically relevant variables (diabetes, ischemic heart disease, duration of dialysis at enrollment, No. of hospitalizations, and Charlson comorbidity index), procedures (myocardial perfusion scan, coronary angiography, and percutaneous coronary intervention), and medications at enrollment (fibrates, insulins, H2-antagonists, and proton pump inhibitors). 3 b-blockers in HF patients receiving long-term HD have not been rigorously studied. 2, 3 In our population-based study, we examine whether therapy with the 3 b-blockers could enhance the survival rate of long-term HD patients with HF. We demonstrate that therapy based on these 3 b-blockers is associated with a 20% lower risk of all-cause mortality in long-term HD patients with HF (HR 0.80, 95% CI 0.72 to 0.90; P<0.001). To reduce any potential bias, we used propensity scores to identify matched cohorts for further analyses, with the results being found to be robust (P<0.001) even after adjustment for clinical variables, the exposure duration of bblocker therapy and the exposure duration of ACEI or ARB therapy (Table 3) . We have also found that patients in the study group who received b-blockers plus ACEIs or ARBs had the best survival rates (Table 4) .
Treatment for HF in the General Population
HF with preserved ejection fraction (HFpEF) may be as common as HF with reduced ejection fraction (HFrEF). Almost 47% of community patients with HF have HFpEF, 27 whereas in
Chinese dialysis patients with underlying HF, 55% have evidence of HFpEF. 28 According to epidemiological studies, the identification of HF is validated by using ICD-9 codes 27,29 ;
however, identifying HFpEF or HFrEF on the basis of ICD-9 codes in this study was impossible because of a lack of detailed echocardiography information. The benefits of the 3 b-blockers, ACEIs, and ARBs in the general population with HFrEF are indicated based on improved cardiac performance, cardiac remodeling, the number of hospitalizations, and survival. thus, ACEIs or ARBs may be used in both HFpEF or HFrEF patients. b-Blockers are also found to have the benefits of lowering blood pressure, intervening with sympathetic activation, reducing sudden death, and promoting antiremodeling effects. [31] [32] [33] However, no prospective or randomized studies have yet been able to convincingly demonstrate that b-blockers reduce morbidity and mortality in a general population with HFpEF.
2,3
The results of a recent meta-analysis of 21 206 patients enrolled in 12 clinical studies demonstrated that b-blocker exposure in patients with HFpEF was associated with a 9% reduction in all-cause mortality (95% CI 0.87 to 0.95) 34 ; based on these findings, carvedilol, bisoprolol, and metoprolol CR/XL could be used in patients with HFpEF or HFrEF.
Treatment for HF in HD Patients
Compared with the general population, HD patients have a more activated sympathetic nervous system, a higher prevalence of HF and ischemic heart disease, and a higher risk of sudden cardiac arrest [35] [36] [37] ; however, the benefits of ACEIs, ARBs, and b-blockers in HD patients with HFrEF have rarely been evaluated. Only one small prospective study evaluating the use of carvedilol in addition to an ACEI in 114 patients suggested that the treatment had improved survival benefits. 16 Our previous population-based study (involving 4771 patients) showed that ACEIs or ARBs improved the survival benefits of long-term HD patients with HF regardless of whether they were HFpEF or HFrEF (HR 0.80, 95% CI 0.72 to 0.89). 21 In HD patients with HFrEF, the only b-blocker to be studied, and found to have survival benefits, was carvedilol; no studies on either bisoprolol or metoprolol CR/XL treatment have been reported. 16 Similarly, no studies have been carried out to evaluate the benefits of ACEIs, ARBs, and b-blockers in HD patients with HFpEF. We have shown that the 3 b-blockers evaluated in the present study could improve survival in long-term HD patients after timedependent adjustment for the exposure duration of b-blocker therapy and the exposure duration of ACEI or ARB therapy (HR 0.80, 95% CI 0.72 to 0.90). In summary, the results support our hypothesis and show that b-blockers can have survival benefits on HD patients with HF, as demonstrated by the 20% reduction in all-cause mortality.
b-Blockers as the Initial Therapy for HD Patients With HF
In our real-world clinical analysis, as many as 59.3% of patients received carvedilol to treat their HF, followed by bisoprolol (in 37% of patients). A meta-analysis previously carried out on a general population with HF evaluated the prognostic benefit of b-blockers in patients not receiving ACEIs, with the results revealing that in the absence of an ACEI or ARB at baseline, the risk ratio for b-blockers vis-a-vis placebo was 0.73 (95% CI 0.53 to 1.02), compared with a risk ratio of 0.76 (95% CI 0.71 to 0.83) when these agents were present. 11 The results of the subgroup analysis undertaken in the present study (reported in Table 4 and illustrated in Figure 5 ) demonstrate that patients who received b-blockers, but not ACEIs or ARBs, exhibited a similar prognostic benefit for all-cause mortality compared with the ACEI or ARB users in the control group. These findings indicate that these 3 b-blockers could be used as the initial therapy for long-term HD patients with HF. The effects of b-blocker dialyzability on mortality in longterm HD patients were studied recently. 38 Weir et al 38 examined the dialyzability of b-blockers and mortality among older patients receiving HD, although not specifically HF patients, with the results showing that compared with a b-blocker with low dialyzability (carvedilol or bisoprolol), a b-blocker with high dialyzability (metoprolol) was associated with a higher rate of mortality. However, our subgroup analysis results revealed that each of these 3 b-blockers showed significant survival benefits, with no difference in such benefits being discernible between any 2 of the 3 bblockers ( Figure 2B ). The possible explanation was that the metoprolol prescribed in the study by Weir et al 38 is a shortacting b-blocker and cannot be extrapolated to the metoprolol CR/XL we studied, which is an extended-release formulation. 7 
Limitations
The implementation of a large, randomized trial would be a significant challenge, essentially because almost 50% of longterm HD patients with new-onset HF are already being treated with b-blockers (Figure 1 ). For this reason, the matched cohort with time-dependent covariate adjustment used in this study was notable for its national sample size with the use of real-world data to confirm the benefits of b-blockers against new-onset HF in long-term HD patients. Nevertheless, we caution against any attempt at generalizing our results, essentially because our study has a number of limitations. First, the major drawback of our study is its observational nature, which meant that we could not determine the underlying kidney and heart diseases and randomly assign the patients. Although we have used matched cohorts, there may still be residual confounding factors.
Second, we could not use the assigned ICD-9 codes to identify HF severity (New York Heart Association functional class) or any detailed information on echocardiography (left ventricular end-diastolic and end-systolic volume, ejection fraction, and diastolic function), all of which are associated with mortality. The occurrence of HF was based on the ICD-9 codes registered by the physicians responsible for the treatment of patients. It was verified in general population and our prior study in long-term HD patients with HF. 21, 29 However, dyspnea caused by HF or just fluid overload in longterm HD patients made a differential diagnosis difficult if the patient was diagnosed clinically without echocardiography. We also lacked important clinical characteristics and laboratory data on the study population (eg, history of smoking and alcohol consumption, blood pressure, heart rate, electrolytes, and nutrition status). The proportion of patients undergoing echocardiography (coronary angiography) was 66% (10%), and, indeed, those who did not undergo echocardiography may have been clinically diagnosed with HF.
Third, to avoid hypotension during HD, the predialysis dosage of cardiovascular medicine before HD therapy is sometimes reduced in patients with long-term HD; therefore, the b-blockers used in this study may not reflect actual use.
Conclusion
The findings of this study provide clinicians with additional evidence on the therapeutic effects of carvedilol, bisoprolol, and metoprolol CR/XL in long-term HD patients with HF. In the absence of data from large randomized trials, the findings of this nationwide retrospective cohort study demonstrate that the 3 b-blockers were associated with improved survival in long-term HD patients with HF.
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